Summary. The levels of insulin antagonism exhibited by human plasma albumin samples extracted by the alcoholic-trichloroacetic acid (TCA) method were found to vary over a wide range. Similar variations were found in the chlorine contents of these albumin samples, thus indicating a variation in TCA content. Chlorine content correlated with the levels of antagnonism exhibited by the various samples. Both chlorine levels and antagonistic activity were reduced appreciably by chromatography with Dowex 50W ion exchange resin. When Dowex treated (nonantagonistie) albumin was dissolved in water and re-extracted by the TCA-ethanol method, the resuiting albumin preparations were high in chlorine content and highly antagonistic toward insulin. Nonantagonistie albumin was rendered antagonistic by the addition of TCA. The levels of antagonism exhibited by the TCA treated albumin preparations correlated with their chlorine contents. It is concluded that at least a portion of the insulin inhibitory effects exhibited by albumin preparations isolated by the TCA-ethanol method is due to TCA which is bound to the protein.
In 1961, Vallance-Owen proposed that the primary abnormality in essential diabetes could be increased antagonism to insulin as evidenced by increased levels of the synalbumin insulin antagonist [1] . Considerable research has been conducted on synalbumin. However, the role (if any) which it occupies in the pathogenesis of diabetes has not been determined. One of the major difficulties encountered in attempting to determine the significance of this insulin antagonist in diabetes is the conflicting results obtained by different investigators [2, 3] .
A number of workers have confirmed VallanceOwen's observation that human plasma albumin or something associated with it antagonizes the effects of insulin on glucose uptake by the rat hemidiaphragm [4--13] . Others, however, have been unable to detect insulin antagonism in human albumin, but instead have found insulin-like activity (ILA) [14, 15] . Still others have found both ILA and anti-insulin activity in human albumin preparations [16, 17] . There is also disagreement regarding the quantitative aspects of insulin antagonism exhibited by plasma albumin [2, 3, 18] . Mirsky, in fact, has recently reported that in studies on over 200 subjects, essentially the same synalbumin levels were found in the plasmas of nondiabetic and diabetic populations [19] .
The precise reasons for the conflicting results obtained by different investigators are not known, but it seems quite likely that they could be related to the procedures used to extract and purify the albumin. For the most part, Vallanee-Owen has used a modification [18] of the acid-ethanol extraction method of Debro and associates [20] for isolating albumin. Most other workers have also employed this method of isolation [2] , Ensinck and associates [16] reported that an artifactual insulin antagonist is extracted along with albumin when the trichloroacetie acid (TCA)-ethanol extraction procedure is employed. They proposed th at this substance was derived from the Visking dialysis tubing. We have previously reported that Debro isolated albumin contains an artifactual insulin antagonist, but our data do not support the conclusion that this substance is derived from the dialysis membranes [13] .
A number of possibilities exist regarding the nature and origin of the artifactual insulin antagonist associated with Debro extracted albumin [13] . The results of preliminary experiments conducted in our laboratories led us to believe that TCA or a TCA-protein complex could be the artifactual insulin antagonist present in these preparations [21] . The present studies were conducted to gain further information on the nature of the artifactual insulin antagonist extracted bythe Debro procedure.
Materials and Methods

Isolation of Human Plasma Albumin
Plasma was extracted with TCA-ethanol according to the procedure of Debro and associates [20] as modified by Vallanee-Owen et al. [18] . One liter of i0~o aqueous TCA was added to one liter of outdated human plasma to precipitate the plasma proteins. The mixture was centrifuged and the supernatant was discarded. The precipitated proteins were suspended in one liter of 5% aqueous TCA and the mixture was centrifuged. The supernatant was discarded and three liters of 1% TCA in ethanol was added to the precipitate. The mixture was stirred for 15 min at 4 ~ to extract the albumin.
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The mixture was centrifuged and the supernatant was dialyzed against distilled water (10 ] ) at 4 ~ for 72 h. The dialysis water was changed four times daily. Boiled Visking casings (60 cm, 27/32) were used for the dialysis. The retentate was centrifuged to remove denatured protein and the supernatant was lyophilized.
Nonantagonistic Albumin
Human plasma albumin was rendered nonantagonistie by Dowex chromatography as described by Ensinck et at. [4] . Ten grams of albumin were dissolved in 200 ml of 0.15 M sodium chloride and the solution was applied to a 5 • 85 cm column of Dowex 50 W S-8 200--400 mesh in the sodium form and the sample was eluted with 0.15 M sodium chloride. The fractions containing the albumin were pooled and dialyzed as described above. The retentate was centrifuged and lyophilized.
Re-extraction of Albumin
Ten grams of nonantagonistic albumin were dissolved in 200 ml of distilled water and the solution was extracted, dialyzed, and tyophilized as described for the isolation of albumin from human plasma.
Addition of TCA to -~onantagonistic Albumin
Three grams of nonantagonistic albumin were dissolved in 50 ml of water containing a previously calculated volume of 1.6% TCA (0--16 ml). The solu. tion was stirred at 4 ~ for 30 min and lyophflized.
Hemidiaphragm Assay
The rat hemidiaphragm assay [1] was used to measure insulin antagonism. Rats used as donors of hemidiaphragms were Upjohn pathogen free rats weighing 100--130 g. Insulin concentration was based on the dose-response curve, i.e. the lowest concentration giving a maximum response. Concentrations ranged from 300--500 micronnits per milliliter. The hemidiaphragms were placed in vials fitted with rubber stoppers and incubated at 37 ~ for 90 rain in a Dubnoff metabolic shaker. The incubation medium in each vial was gassed with 95% oxygen-5~ carbon dioxide for one minute immediately before the hemidiapttragm was added. The vials were then closed, gassed for an additional 5 min, and incubated. Medium glucose concentrations were determined with an Autoanalyzer.
Chlorine Analysis
Chlorine contents of albumin samples were determined by the method of Olson and Krivis [22] . degree of antagonism exhibited by the various samples correlated with their relative chlorine content, which was used as an indicator of their TCA content. The Cohn fraction V albumin preparation which was studied was low in chlorine content and did not antagonize insulin in rat muscle in vitro.
Albumin was rendered nonantagonistie by ion exchange chromatography with Dowex 50 W resin (Table 2 ). These nonantagonistie albumin preparations contained less than 1~/o chlorine, thus indicating a low TCA content.
Nonantagonistic albumin became antagonistic when it was reextracted from aqueous solution with TCAethanol, dialyzed, and lyophilized ( Table 3 ). The chlorine contents of these samples were high, thus indicating a high TCA content. Nonantagonistic albumin was rendered antagonistic by the addition of varying quantities of TCA (Table 4) . The degree of antagonism in the various samples correlated with their respective chlorine (TCA) contents. The correlation between insulin inhibitory effect and chlorine content in a number of TCA treated albumin preparations is illustrated in Fig. 1 .
Discussion
Results
Some, but not all, of the randomly selected Debro albumin samples reported in Table 1 antagonized the effects of insulin in the rat hemidiaphragm assay. The
It is apparent from the data reported in this paper and elsewhere [8, 13, 16] that at least some of the insulin antagonism exhibited by Debro isolated plasma albumin is due to the presence of an artifactual insulin antagonist. This artifactual antagonist could explain some of the discrepancies which exist regarding the d Not significant.
TCA treated
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presence or absence of elevated levels of the synalbumin insulin antagonist in the plasma of diabetics [2, 3] . It could also explain the random variations in levels of insulin antagonism observed by Mirsky in his studies with large groups of diabetic and nondiabctic subjects [23.] Differences in the ability to demonstrate elevated synalbumin levels in diabetics could result from minor variations in the procedure used to isolate the albumin. These variations could influence the amount of artifactual antagonist present in different albumin samples. This contention is supported by the observation [21] that two albumin preparations which were prepared by exactly the same procedures from identical starting materials, but at different times, showed wide variations in degree of antagonism.
The conditions used to dialyze the TCA and ethanol from albumin are of particular interest in regard to sample variations. It is known that a number of factors can affect dialysis rate and also determine which materials are dialyzable. Among these are pit, ionic strength, temperature, membrane porosity, dimensions of dialysis casings, volume of water, and frequency of water changes [24] . Any or all of these factors could have a profound influence on the nature and quantities of materials retained with albumin during dialysis.
It has been suggested [16] that the artifactual insulin antagonist associated with Debro albumin could be a material extracted from Visking tubing during dialysis. Studies conducted in our laboratories, however, indicate that it is unlikely that a constituent extracted from dialysis membranes could account for the insulin inhibitory effects of these albumin preparations [13] .
A second factor that might be uncontrollable by the dialysis methods used, and therefor e produce an artifactual antagonist, is TCA. Evidence to support the hypothesis that TCA may be a factor in the sample to sample variations in albumin preparations is provided by reports [8, 10, 12] that some antagonistic albumin preparations cause a significant decrease ]n the pH of Krebs-Ringcr bicarbonate buffer and that the antagonistic effect of these albumin preparations is attenuated after pH adjustment [8, 12] . Further evidence to support this hypothesis is:
1. The Debro albumin preparations which were investigated in these studies varied over a wide range with respect to chlorine (TCA) contents (0.86--5.29% chlorine). Samples containing less than 1.68% chlorine did not exhibit significant antagonism whereas those containing greater than 1.68% chlorine were highly antagonistic.
2. Dcbro albumin was rendered nonantagonistic by ion exchange chromatography with Dowex 50 W ion exchange resin in the sodium form. Any portion of the albumin sample having large amounts of TCA bound to it would carry a net positive charge and would be expected to be retained by the resin. The fact that the chlorine content of the samples decreased substantially after Dowex chromatography indicates that this did occur.
3. Re-extraction of nonantagonistic albumin from aqueous solution by the Debro procedure resulted in albumin preparat~oDs which were highly antagonistic toward insulin and also high in chlorine and TCA content (2.39--4.73% chlorine).
4. hlonantagonistic albumin was rendered antagonistic by the addition of TCA. The degree of antagonism exhibited by these preparations correlated with the amount of TCA added and with the relative chlorine contents.
The relationship between chlorine content and insulin antagonism was found to be comparable for Debro, Dowex treated, re-extracted, and TCA treated albumin preparations. It should be noted, however, that two of the TCA treated albumin preparations containing approximately 1.7% chlorine did not exhibit significant antagonism whereas one of the Debro albumin preparations containing 1.68 ~o chlorine did exhibit significant antagonism. The antagonism exhibited by the Debro albumin sample was far from complete, but because of the comparatively large number of hemidiaphragms tested and the relatively small standard errors incurred in the assays, the results were statistically significant (p <0.01). This is most likely the borderline area for the amount of chlorine (TCA) necessary to cause antagonism.
The binding of TCA to human plasma albumin would be expected because of the physical and chemical properties of these molecules [25, 26, 27] . TCA would presumably bind primarily to basic groups of lysine and arginine residues, but it could also bind to histidine and tryptophan residues [27, 28] . Based on the molecular weight [25] and amino acid composition [29] of plasma albumin, the protein could theoretically bind sufficient TCA to correspond to 10.8% chlorine (16.6% TCA), even if TCA were bound only to lysine and arginine residues. Accordingly, the chlorine (TCA) levels found in the albumin samples used in these studies fall within a reasonable range. Variations in dialysis conditions could account for the sample to sample variations in chlorine (TCA) content and, hence, in insulin inhibitory activity.
The results of the studies reported here further confirm the presence of an artifactual insulin antagonist associated with Debro isolated plasma albumin. Moreover, these studies provide evidence to indicate that at least some of the antagonism associated with Debro albumin is caused by TCA or a TCA-protein complex which is not completely removed during dialysis. These studies do not, however, preclude the possibility that a physiological insulin antagonist could be associated with plasma albumin. Other methodology will be required to establish the existence of a physiological antagonist.
Evidence which has previously been cited in support of a physiological insulin antagonist is that albumin preparations dialyzed in essentially neutral solu-tions or not dialyzed at all have been found to be antagonistic. Recent investigations in Vallance-0wen's laboratory [30, 31] have been conducted with albumin preparations isolated by the method of Fernandez et al. [32] , a procedure requiring neither TCA nor dialysis. Albumin isolated from serum in this manner was found to be antagonistic in 27 of 30 diabetics and in only 4 of 22 control subjects [33] .
Admittedly, TCA could not be an artifactual antagonist in these albumin preparations, however, there is no evidence to rule out the possibility that other artifactual insulin antagonists could be present. A number of substances are known to bind to plasma albumin [25] and some of those could contribute to its antagonistic properties. Accordingly, it seems important to determine whether artifactual insulin antagonists are present in albumin preparations isolated by methods other than the Debro procedure. 
